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AA 

Sorghum 

a and as 

has 'had vover

a: major feed 

y- extensive use 4asafood op 

grain in North America and 

in Africa,'and 

ore recently in 
6, South Aiiierica. In- spite use, ithis-extensiveof improving the nutri 

7 tiohal:'Quality of the sorghum Rrain, has' received littO.e interdst, in 

8 xperimental work, until recently., Sorghum vaieties 'have-been selected 
primarily for their yield nd.resistanceto drouth, diseases and 

1O ihsects, and.acceptability'preferences, Sorghum has been grown pri
1'marlyn,drier areas-.ok each Aintltentdu]iig the, season of sunmler 

12 rainfall. 
13',
 

14 & :&Natural"Variabil ity.,, 

15 

i6 U.urcer.yeara -extensivi,:variability in sorghum grain quality has 

L7~seen neted. 'Thesie quaty actorsinclude protein amount, amino acid. 

i8 comosition and digestibility in addition to the ever present yield, 

19 resistance and adaptatio' ,factors incorporated'into varieties. The 

20'availability of hybrlda in 1956 brought about extensive increases: in 

21 yield, resistance and adaptation factors incorporated into. varieties. 

22 The availability of hybrids in 1956 brought about extensive increases 

23 inyield, resistance and adaptation factors incorporated into:varieties. 

hee4availability of hybrids in.1956 brought about,extensiv increases
 



1increases.in yield, where they were. used, and simultaneously a decline,. 

2 ,ui. protein percentage. In general this iegative relationship holds 

3- with all of :the jaY+ cereai including rice, wheat and maize. 
4 That is,when yield goes up protein-declines unless management and 

5 selection,,pressures are applied to remove this reaction. Simultane

6 ously-.or just -immediately:following -the development of hybrids, a world 

7 collection was brought together (in the years 1958-63 by The Rocke

8 feller Foundation)'. This collection :revealed a tremendous variation of 

9 phenotypes and nutritional factors of interest. 

10 

11 B. Sorghum Prodtqct-ion 

12 

13 A .improved, varietles and hybrids became available, management pro

14 blems were improved along.with them and new yield horizons opened up to
 

15 the point that yields were vastly increased. The-qtraditional grain 

16 'sorghumproduction methods gave yields-of sorghum grain from 500 to
 

17, 700r-kg/ha. 'Improved fertility and management, practices under the most 

18 favorable conditions have brought about coinmercial hybrid yields of ove 

19 13,000 kg/ha in the.Uni#ed States. In exceptional circumstancesAyields 

20 of over 10,000 kg/ha have.been relatively frequent'and average good farn 

21 yields have.reached'8P00 kg/ha. In'Afric variety yields above00 

22 kg/ha are ,quite, rare, being found. only -in relatively. small improved 

23,fields.: Some of these.Iow yields are associated with the season ,of

24 growth such as when the grain is matured .in,'the, dry season, poor. soil 

http:ously-.or
http:1increases.in


I 

fertli .tyand lack of disease, insect, blrd,,and rodent control. Also, 

imp'ortant- in yields ,are effective madagement factors :including good 

seed availability, seedbed preparation, proper seeding rate, early 

thinnidg, water and drainage management, weed control, proper harvest 

and storage,. As land pressures increase there will be a real pressure 

for increased vielda and nut itlann~f v1 tia m.16 ^ho6n4imd from each 

hectare. :A ,major factor inhigher production for many-areas is to get 

vreeswith - 'we 6w theeing Aad piiit ria~itatiCe, so Vt"t grait ma a 

produced when moisture ta, nira jiinlnthlok-

C. Food and -Feed Uses 

i is: where sorghum is a. food crop the food preferences of each 

particular area have im'osed a severe restriction on the types of grain 

that 'may be used .invar~ety. 4vlopment.. In -India.the selection is 

rimarily for the white, creamy white to yellow and'*pearly types. In 

frica lthe v~riability of preference is tremendous with isolation being 

primary factor in such' food preferences. 
Almost all sorghum consption the world.ovet has beenof the whol 

rain." I India it Is. used-ln unleavened bread andin.zuch of Africa
 
tis a primary ingredient for porridgeormuch-with many .types being
 

ed in preparation ofbeer. As a feed grain'in'the United States it 

as been utilized as a Whle 'grain,'but%'moreextensive methods of pro

aiation have ;been used: such, as,-grinding -steam rolling and other. 



' treatments in. a deliberate--.atteit -to improve the intake-and-nutritional 

2 va ue. 

3 Grain sorghum 'studies have shown a great variation in digesti

4: ;biiitI gnd7 feeding response for all classes of animals tested, as well 

5 asfor: ,hu .A*nutrition. Studies concerning the improvement of ar no 

6i ,acid-,compositin .and digestibility have been limited and slowed due to 

71 the complicated factors of ease of assessment of these values and inter,
 

8. action,of environment, and ,anagement factors. Environmental and manage. 

9 ment factors interact with variety .responqes to produce grain which 
f 

10 differs greatly in nutritional value as well as yields. Studies on 

•.,1nutritional -improve;ment .of cereals were• held, back until the advent of 

12 opaque-2 :mai'ze -by the belief that. as yield went up protein had to go
 

13 down and as protein wep up the .limiting amino acids had to decrease.
 

14 

15,'I1. )ENVIRONMENT; AND. N.ANAGEHENT EFFECT ON NUTRITIONAL QUALITY AND YIELD 
16*
 

17 4. Soil Fertility Effects 

18 Nitrogen fertilization increased the'level of protein (Waggle, et 

39 al., 1967) in severa. U.S. commercial hybrids from 9.1 to 12.6% protein 

201 While this happened the amino acid, lysine, was increased also, but at
 

21 a slower rate from 0,22 to 0.25% of the grain. 
-Anotherlimiting amino 

22 acid, threonine, was also increased at a much slower rate.similarly to 

231 lysine, while. several less essential amino acids such as glutanic acid, 

proline,i alanine, isoleucin axnd leucine were increased to a greater, 



degree with;higher nitrogen fertilization, Tests at three sites showed 

2 a aignificant location effect on yield and protein * level. " 

3 Studies (Campbell and Pickett, 1968) :reported a significant effect 

4 Cf. four nftrogen levels on I8 lines selected from the world cotrlection. 

5 The relatively large geno.typic differences for protein and lysine noted 

6 in this experiment, persisted under all four, fertility levels tested 

°aid were much more iaportant.than the differences due to the specific 

8, fertility treatments. The negative ,correlation of protein and lysine 

9. was significant (r -- 2i4**)., but much lower than,previous data on 

10 many crops would sugges. some.-of the higher protein and lysine geno

11 types had relatively h.1.h yield potential as indicated by data on 

12 panicle size under comparable populations. 

13 The adjustment of pH on some soils may be critical to the minimal
 

14 Production of sorghum and also the protein quantity and quality. In
 

15 many, ropical soils that are highly acid, the ,availability of phosphoru 

16 can be a-problem and -Al and Mn toxicity can be critical. "Zinc, copper, 

IT molybdenum and sulfur deficiencies are the result of other .limiting 

i8 trace elements that have been found in some places. All of these 

19 factors are important for consideration in order to consistently expect 

20 higher yields and imp roved aqulity. 

21 
22 B. Plan, Population and Plantin Pattern 

24' The, number of plants per-acre shoud be adjuted. to the amount. 

23 



6 

'and' pattern of moisture availableo In extreme dry zones the populatln 

2 miay be down to 40,000 plants.per hectare. With more adequate moisture 

3 the population shoul4 be increased to 120,000 or 150i000 plants per 

4 hectare Under the most favorable conditions it will be up to 300,000 

5 plants per hectare or more. Sorghum has a great ability to compensate
 

6 for low populations through basal and nodal ,tiller production. 
Basal 

7 tillers are a primary contributor to yield and are of particular value 

8 when th'ey have Iasaimilar h'i'ght and maturity as the main stems. Thus 

9, tillering and total plant survival influence yield and composition. 

10 Head number and weight of grain per head are drastically effected By 

11 population but seed size may also be adversely affected later in the 

12 growing season by adverse conditions. Anything that drastically.re

13 duces yield may result in shriveled seed. This shriveled seed will be
 

14 significantly higher and .more'
variable in protein percentage and the
 

15 energy availability of immature sorghum grain is lower (Deyoe et al.,
 

16 1970).
 

17 !Underthe drier condition and lower population situations, wide
 

18 rows are necessary (!00 .cm or more), but under more favorable moisture
 

19 conditions row widths to the maximum of 75 cm or less should be used.
 

.20 Under the most favorable conditions it is advisable to go down to 15 to
 

21 35 cm. When closer rowsiand higher population can be used they offer 

22 advantages of weed:control and moisture retention under dense leaf 

23 canopies. This in turn car result in hiahir vf4'1Aa flnm MnA.. 

21f oisturei level. 



2 XC,,:Wee ad Pes t ContrOl 

k,' Wged-contiolA.*i cubsistenci, agricultura is. often quite,,vineffectiv 

5' but may be assisted byqadequate population and,timely.weeding. In im

6 proved agriculture weed control by Atrazine-Ramrod mixed at a ratio of. 

.7 2.5 kg/ha and:5 kg/ha or Propazine at the ratio-of' 2.5 kg/ha can be 

84 used.' If weed .control is inadequate, drastic reduction in yield may 

9 occur.+ Similarly, ,thinning', if :it is part'of the,-cultural practice, 

'10'must be done early 'to avoid 'a dra'stic reduction in yield. 

1i Resistances are necessary'.to the major diseases and insects in the
 

12 area concerned,,in order to get+ economical.,yields. The.insects and 

13 diseases that attach.osorghum are sunimarized by Wall and Ross (1970). 

14 If economical yields are.not: possible due to lack of resistances or othe 

15 factors there is :no interest'in types with improved nutritional value. 

16 In some areas this fact has retarded the investigations for improved 

171nutritional values. Thus diseases and insects plus birds and rodents 

18 are not only critical to production, but their control is necessary 

19 followed by effective grain storage of any nutritional grain that may 

20 be produced'. Storage in order,: to .maintain.:food and feed'supplies is 

21influenced by low humidtty with low temperatures being-secondary and 

22 pest control., The study-of sorghm 
a
storage procedures with 

wt 
the develop

-h •oa . ~hedvlp 

23 ment of adequate and economically acceptable control' will cohtiinue .to 

24 improve the-sorghum-production. 

http:necessary'.to
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•
1'


2' D. Water Management 

3 

4 Soirghum is usually produced during the intense rainy season, on 

5 river flood plains in many parts of Africa and under irrigation in Asia 

6 where both surface and internal soil drainage are absolutely necessary 

7 for-optimum productioq. Soil alkalinity and salt accumulations in some 

8 areas are primary limiting factors. If irrigation is used it should be 

9, adequate and dependable for as much of the growing season as possible, 

10 The influence of water management on sorghum grain quality merits fbrther 

1i investigation (Millert et al.,, 1964)..
 

12 

13 III. GENETIC IMPROVEMENT 

14 

15 A. Variability in the Sorghum Collection and Breeding Materials
 

16 The Rockefeller Foundation sorghum collection gathered by cooper

17 ators all over the world in 1958-63 numbered over 500 viable lines. 

18 Since that time several thousand additional lines have been added and
 

19 now the collection numbers over 15,000. Utilization of this collection
 

20 has allowed plant breeders to be aware of nutritional improvement and
 

21 has broadened the base for variety development and hybrid production.
 

22 This tremendous reservoir of naturalivariability will be supplemented 

23 for several years by additional lines collected in Africa and Asia.
 

24 Several lines from the collectionhave been isolated that are equallto 



1 or exceed U. S. •commercialhybrids in 0yeld.''In
addition .to ,thisamount 

2''of fixable vigor, -great hetero.sis'I Gratexists in selected"crosses. 
3 variation :.also exists in all the components, that go'together to 'make'up 

4 nutritional quality,. Percent protein.varies from 6 to Over 20-percent
 

5 with most of the relatively economical -lines falling in: the 8.to 15
 

6 percent range, Thevariations.in essential amino acids as percent of
 

7 protein and certain ratios as well as 'oil were: lysine, 41% - 3.8%;
 

threonine, 2.5% - 53%; tryptophane, <1% - 4.5%; metfiionine + cystine,
 

9 98% - 4.62% isoleucine, 3.76% - 5.51%; isoleucine/leucine ratio, 

10 .272% - .380% (highest best); and oil, 1.2% - 6%. Tannin variatioi .s 

11 at least 0.2 to 2.0% (Chang and Fuller, 1964). At Purdue the catechin 

12 equivalent variation using the vanillin-ECI method (Burns, 1963) was 

13 O.4% - 13.,7Z. There was a bimodal distribution over widely variable 

14 selected lines and commercial hybrids. Mean in vitro digestibility 

15 ranged from,38.- 93= aid.was closely correlated (r- +.95) with 

16: catechin equivalents., Weight gains by weanling rats on selected sorghum 

17, lines with mineral .and .itamin supplementation, showed.a range from 

18!losses of 3.28 gm to 4.ans of 16.8 gm in two week periods. (See table 5 

19 These weight gains wer related to levels of crude, protein, limiting 

20 amino acids andn vitro dry matter disappearance rates. Great.varia-. 

21 bility in the.collectlon exists in grain size with a rangeof .5g/100 
22 seeds-to over- 5.5 .g/lO seeds. There'is atlso much difference in seed 

23 color, panicle-size, opening: and exertion, height, lodging. esistance,
 

24 leaf number9, angle an4 size 'nd all, other observable phenot''ic 



__ 10 
1 charateristics.• The: supeiot types fOr chemical composition and 

2 digestibility occur,.4p almost -all of the races or phenotypes which are 

3. in turn from many sources.of origin. This broad-array of variability 

4 -in typis associated with improvable yield and nutritional value is 

5limportant 'in order ta satisfy the' taste and acceptability preferences 

6; of humans for food aqd f6r feeding uses for various classes of live

7 stock. In most sorghum improvement projects in the world there is a 

8 ned fd'r a wider selection for both yield and nutritional quality from 

9 the germplasm available in the world colle.ction. The available col

10 lection items can grettly supplement the relatively narrow base in' 

1-1 present-coumercial production or in local production which is avail

12 able for food,' feed 4nd processing. This wide diversfty of type,
 

13 selected from the collection, is not only important for yield and
 

14 nutritional quality potential, but it represents diversity of both type
 

15 and choplasm that are important for resistance to diseases and insects 

16 presently know or th4t may occur in the future. 

17 Various combinations exist of protein level, certain amino acid 

18 levels and their ratios, starch amount and availability and total 

19 digestibility as influenced by polyphenolic compounds (including 

20 "tannin") and vitreousness or hardiness, which can be recombined for. 

21 total nutritional improvement. 

22 The AID-sponsored project at Purdui is in the process of cataloginj 

23 , the varieties that exist in the collection and is .tmaking available seed. 

-k and,information,to i terested investigators around the world. . The 

http:occur,.4p


information onselected lines that is presently being cataloged in-;a
 

2 eludes .origin, yield potential, protein content, -amino acid-,content,
 

3 certain phenotypic characteristics, oil content, 1location performance
 

4 and feeding performance values or indicators.: Improved yield and •
 

5 nutritional quality .actors have been.discovered to exist in,all types 

6 and races of sorghum,. Present investigations includ trials to identify 

7 lines and hybrids th4t have yield and nutritional stability across 

8 various environmertal and management conditions.": Therefore, brieders 

9 :with particular objectives of taste preferences, seed type, local 

.0 resistances, color, panicle type, height and canopy will-have the

.1 opportunity to incorporate -these newmaterials into their sets .of ob

.2 Jectives from"the most adapted of' several sources. 

.3 

.4 B. Composition IincJuding Protein, Limiting Amino -Acids and Oil 

.5 Protein contenti apart from yieid means; reliatively -little. Very 

.6 high protein contents may be obtained when yields are low and vice 

.7 versa with the same ines or hybrids, therefore, both need -to be 

.8 determined as soon as possible. 

.9 Crude protein is similar for mature and immature grain, but 1eqs 

'0 energy is available in immature grain (Deyoe, aet al.,19,70). • "Higherlye ne, 

1aspartic acid and gltine ;amount are found in immature. grain, but lower 

22 amounts of glutaicaicid protein, and leucine are found, This indicates 

23 further the misleading characteristic of crude protein alone in sorghum 

24 nutrition and stresses the importance. of: considering grain yield, pro



1tein- (,available -proteinhperunit rarea), amino acid balance, and', avai

2 ability, of starch:an4 digestibility, in a total ration or menu for ;a 

3 favorable .response, 

4 . Theprotein amount is also affected by sampiing procedures which
 

51take into account significant plant variations border effects, includ

6ting heights ,and matu,,lities, foreign materials, seed density, variations
 

7 within panicle, soil fertility level, and other management practices* 

8 In replicated experimepts for protein analysis, coefficients of'vari4

9, tion'of 4% - 10% 'can e obtained where adequate sampling procedures are 

10,used.- An.adequate sample should include portions of ten or more dif

jjI ferent representativ panicles of open pollinated seed from each 

12 bordered plot. Investigations to date show individual plant .composi13-1 iob 2 plant as reore bytion. data to be inadequate in measuring F lnsa eotdb 

14 Collins (1069). He. described the lack of validity of a single plant
 

' 
15 sample to represent q line since he found significant differences among
 

16 single plant samples within a pure line. Procedures to date have been
 

17 to measure the average prdgeny of'such plants-rather than the indivi-' 

18, dual plants -themselves,. For maximum precision of genotype comparisons 

19,all samples, must be made from the same location and in a given year, 

201 The compositions are .usuallysignificantly different from location to 

2X locationand year to, year as shown by present AID Purdue work,(Tabla 1) The 

22 genotypic differences are of sufficient magnitude, however, toallow 

23 selection 'for superior performance under .these cnditions. 

24 Variability of seed size.(2.63 0. - 1 ercent :oil"4 2 'gS/l00 seeds). 

http:size.(2.63


13 

13.07- 528%), .percentembryo (10.5- 13.9%) and the variability ,n
 

2: percent protein,,andpercent lysine of.protein iA the whole seed- embryo
 

3 and embryo 4free portion of the seedchave been investigated by Rodriguez 

4 (1969). The data presented iin -table 2 illustrates the variability he 

5 found in percent protein and percent lySine of protein in the whole 

6 seed as compare.d to-Ombryo andnon-embryo seed portions. Unpublished 

7 work done as;a, follup andas part of the :AID-Purdue SorghumProject 

8 showed ranges of 9.67 to.14.24%,protein Ln the whole seed,eA560'

9! 21.58% protein in the embryo , 8.42'- 14.07 protein in the non-embryo 

10 seed"protein, 5.42'- 'l.54%-,ebryoof the whole seed, 2'020 - 5.22%oil" 

.11 of.the whole -seed with-:the,weight ,of.100 seeds varying .from-1.5056 

12 .3.3632 grams per.100 seeds. The correlations from this work-and 

13 presented"in tabl'e 3 show the potential for improving protein content 

14' by altering embryo size and,.!oil.. content. An even wider range of seed 

15" sze hasbeen-recentiy 'observed-(0.5 gm.to 5.5 gm/100 seeds)' at Putrdue 

16. University.
 

17
 

18 . C! Digestibilitv,-and "Feedinz Values 

19 

20, Sorghtm has a m4ch .'greater range'-of digetiblity values -than the 

21 other m orcereailgrans of rice, whbeat and maize. Wide ,.variations in 

22 amounts of.lysine an sulfur bearing amino-acids,(methinine'and 

23 cystine) were reported (Nawar, et al.$ 1970).. They showed that lys no
 

24. was the first, limitt amino acid ;followed by the S,-amino 'acids and 



14
 
'1 :threonine for weanling 'rats.Supplements of these amino acids or
 

.; red.skim' milk gave' improved growth and nitrogen depositioniwith 3 of 

3 the17 :samples .studied, but: not all.responded favorably to amino acid 

4 .supplementation. It i also reported that lysine, vitamin and mineral 

5 supplements gave abopt .the,same rat- growth response as casein added to 

6 the grain sorghum (Howe,. 1970), however, in this study lysine supplemen 

7 alone gave-no..response, but Ca alone did give a significant response in 

8 rat growth', rates.-. 

When the protein was,extracted from selected grain sorghum and vpai
94
 

2' torn .(Skoch,'et.al,.1970). the"corn yielded twice the extractablq pro

tll
rein as the grain sorghum. The glutelin fraction contained the major 

s6luable .protein o both. McGinty (1969) found that the pericarp of 

13 varieties that digested poorly, when separated and added to sorghum 

14 grain that normally digested well, would -depress their digestion. This
 

.t5 rult could b -induced by ;tannic acid and lessened by polyethylene 
. I. . .II (Ia b.glycoliina n -in .i.ro..drymatterdigestion system (Tilley, et al., 

1963). This indicates ,further the necessity of considering factors in

18 fluencing utilization in addition to hose affecting yield, protein and 

amino acid compoisition.
19
 

20 PreliminayVwor. at Purdue on percent distribution of the protein 

21,1fractions-in7.7 : sorghum. . . is:. shown in table4 Two:pairs of sorghum lines 

22 were contrasting significantly in IVDMD levels iand in ,rat growth. Stg

nlfican shifts .in fau oftheo'five fractions studiedtoccur between 

lines with high and ow=IVDMD*.' The, fraction of-whole kernel and,, 



15 

1 endosprm react differently buttue ditterences between'high andlow: 

2 IVDMD lines still"exsted 

3 A wide range: in dry ..matter.diges ted (17- 71) was.found by the 

,' nylon bag technique, (Anthony and: Haveland, 1971) when groind:grain, 

5.samples of approximately 1,O00 lines from the- colletin were tested. 

6 In 'his work a bird resistant check averaged 41Z.,
 

7 .Light ',trashy.l grain dePresses nutritive Value more than light -im-


B mature grain (Hinders, 1971).. Mitjavila, (1970) was able to depress
 

significantly -the absorption"of glucose and: methionine In the small
 

D. intestine. of, .a, mouse from:i6 to 10% with 1 mg/l of gallotannic acid;, but. 

L the uptake of butyric acid was not depressed until the c6ncentration of 

12 gallotannic acid exceeded 10 mg/l. Conner, et.al.,(1969) illustrated 

13 with growing chickens a reduction in growth rate as the tannin content
 

14 of the grain was increased which could partially be alleviated by sup

15 plementation with large.Aamounts" of methionine and chloinet but feed 

16 intake was-depressed-,and 'the tannin showed a toxic effect. 

17 Peterson (1969) reported a ration of 49.32Z.sorghum, 0.68%tech

18 nical tannin with 50% basal diet affected feed consumption, rate of .gair 

19 chemical composition and edible quality of-chicken meat produced on the 

20 diet,. This difference was not attributed" to.. a difference in metaboliz-. 

21 able energy and:protein intake. The- availability of the,-amino acid did 

22. not appear to,',be related to seed:coat or to tannincontent'as several,, 

23 sorghums with low protein quality were also 1ow in tannin (Stephensone, 

24 1971)4 The: "influence' of %tannin and related substances in -the sorgh m 
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1 gratn :remains an areaof additionali nutritional research and.lbreeding 

2 control. He. stated,ot tthe6 first limiting amino acid iPor poultry was, 

3 not lysine but methiontne, and:some sorghums offer relatively high', 

4 methionine quantities. The amino acid content is very variable and 

high levels are judged to be possible through plant breeding. 

6 Most of these investigations to date have been made on a relativel 

7 narrow germplasm base; There is available now much new relatively 

8 high yielding germplasm which varies greatly in composition and which 

9 will allow selection of variety improvement in protein amount .and amino 

io acid,composition as well as. in types with adequate digestibility,. 

11 palatability or acceptability and having the necessary resistances. Sue] 

12 research points to the practicality of the potential development of a 

13 more balanced nutritional sorghum. The data in table 5 which show the 

14 results of recent rat feeding trials at Purdue with sorghum lines vary

15 ing signi-ficantly.,in ,rate of in vitro dry matter disappearance (IVDMD) 

16 and protein.percent, lysine, threonine and methionine, 

17 The weight gains at the end of two weeks.relates very closely with
 

18 those at the end of four weeks. The two week weight gain there

19 fore is now considered to be sufficient to indicate the4 de differ

20 ence in nutritional v4ue of various sorghum lines for rat growth.
 

21: Consumption-:doeb increase with the rate of IVDMD but not in a straight
 

22' line ,relationship. Correlation coefficients for these factors are
 

23 showininable 6. Significant. negative correlations exist betweeni .t
 

211.protein "and, lysine. and lysine .with IVDMD, but positive relatively. stron 



1, correlations of thesame ma eitude are seen betweenroteiln and -VDMD
 

2 and protein,:anda weightl Also laiis in the
gain. IVDM, with weight 

3' :same good relationshtp with weight gains. The correlation of 4m +.98 

if'for weight gain at twor.weeks. &nd'4 weeks and similar values for .other 

5 trials have been the basis for-going to ,twoweek rat "eeding trials. 

6 -Methionineis significantly 'and positively correlated with percent pro

7 tein, IVDMD, weight ..gain, 'protein x lysine, feed consumption and protein 

8 :xIVDMD*#" 

9 + The- presence .or' absence of the 'brown testa observed -in the mature 

10 'caryopsis:. is controjed-byi two- dominant gene pairs (Stephens, 1946). 

11: Observat-ons .to.date t Purdue +indicatesthatthe presence of the brown 

12 testa is 'associated,with low-IVDMD and high polyphenol ("tannin") con

13 tent., 
14 

15 D,. 'Inherianceof Factors ,Affecting Nutrional Value
 

17 Fourteen"diverse inbreds.selected from good yield combiners in the 

18 7,rldcollectionof sorghum grown at :Purdue University were crossed ontc 

19 four male"sterileI lines (Abifarin, 1969) and significant differences 

20 were found aiiong:hybrids for maturity, leaf numbers, .height, flag leaf 

21 area, panicle :exertion, panicle length threshing percent-, grain weight++ 

22 per,panicleJ 100 see4 weight, proteinpercent, lysine as percent of 

23protein, grain yield, protein yield, and lysoinme Yo 
 8d. 

24 :Prain'yields, among thd 56 hybrids ranged. fro 5,854- to -17,288kg/h 
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LI while,the parents 'ranged from"4,001 to 10,363 kg/ha. The ranges for 

?' percentage protein was!from,9.1 to,. 14,1%.for:hybrids and .9.9 to 15.7Z. 

3 for their parents. Values .for lysine were 1.69 to 2o27% for hybrids 

4 and 1.60 to 2.19% for their parents. Phenotypic and genotypic correla

5 tion coefficients for yields vs. protein were -.483 and -.483 while 

6 corresponding vals for yield vs. Ilysine were .258 and .337. Combinin 

7 abilities for all characters were much higher for general combining 

8 ability than for specific combining ability and G C A was highly 

9 significant for all characters among males. Narrow sense heritability 

10 values were 99% for eight, 77% grain yield, 85% percent protein axd 

11 62% lysine. 

12 The relative imFortance of certain phenotypic characters with 

13 respect.to grain yield and quality, the intercharacter correlations, 

14 combining ability and heterosis were studied (Bantayehu, 1971) in both 

15 parental and F1 -generations.of 24'tphenotypically diverse sorghum lines 

16 selected as diverse ;ypes from the world collection. Twenty-one 

17 characters were measured and there were highly significant genotypic 

18 differences obtained in..both-generations for all characters indicat

19 ing that progress on each could be expected from a breeding program. 

20 General combining abtlt'y was predominant to specific combining 

21 ability for almost all of the characters studied.. Some higher yielding 

22 inbred lines produced inferior hybrids and a-few poorer performing in

23 breds resulted in superior hybrids for yield and protein amount and 

2k quality.- The necessity of-direct testing of ifnbreds for their ability 

http:respect.to
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1 to, produce good" hybrids :was stressed, 

2 Grain. yields for hybrids ranged from 4,282 toA'639 kg/ha while 

the range, for their pa&ents was 4,418 to 17,536.kg/ha. The range for 

4 protein-percent was,from 7.75 to 12.60 ;hybridsnand. 10.30 to 14.85% 

5 for their parents. Lysine ranged from 1.61  2.67% for the hybrids and 

6 -!.54 to 2.55%for their parents,. Heterosis over the better parent 

7 'ranged from -36.10 to 29.04% for grain yield. The heterosis range for 

8 percent protein was -31.34 to 15.20%, while the lysine range was 

9 -16.28 to 30.88%. Certain genotypic combinati6ns were found to exhibit 

LO ,positive heterosis for both grain yield and percent protein simul-

L1 taneously in spite of the low but significantly negative correlation
 

L2 , between the two. 

L3 The morphological characters studied included leaf number, flag 

.4 leaf length, width, and area, length, width and area of third leaf from 

.5 'the top, plant heigh;, stem di.ameter, head exertion- panicle length, 

.6 tillering, lodging, number of heads per plot, and threshing percentage. 

.7 These factors werer not good indicators of yield,, percent protein, per

.8 cent lysine and oil. To date it appears that direct selection for 

•9 yield and quality may prove, tobe more effective than the use of these 

!0 traits as indirect selection indicesi in the'world collection and many 

!1 other.diverse breeding sources (Bantayehu, 1971). 

.22 Working with 65 sorghum genotypes -Collins (1969) found significant 
23 correlations of grain yield with percent protein r --.:at195** and 

24 percent protein with, parcent lysine -r -. 30**,but at a much lower 
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1 level than many people had previously hypothesized. In an incomplete 

2 diallel (Collins, 1969).with 12 restorer lines,crossed to four male 

3 sterile testers there were significant differences among restorer lines 

4 in general combining ability for yield, protein, and lysine. The 

5 variation due to specific combining ability was not significant for any 

6 of these characters. In a nine parent diallel (Collins, 1969) it was 

7 shown that both gener4 and specific combining ability were important 

8 for all three characters -with general combining ability being far more 

9 important for. percentage protein and less important for yield and per

10 .centage .lysine. Several hybrids, with parents appearing diverse id 

11 type, had considerable heterosis for yield, but only a few hybrids
 

12 showdd heterosis for percentage protein while no heterosis was observed
 

13 for percentage lysine. In this study grain yield and'percent protein 

14 had a negative correlation of r - -.57 and percent protein with percent 

15 lysine had r - -.51. 

16. Collins (1969) described the genotype x location interaction on 11 

17 genotypes for two years at three locations. The first order inter

18 actions were not significant for any character studied but the genotype 

19 x location x year interaction was highly significant for grain yield, 

20 

21 

22 

cent protein an

p r

d protein yield. 

IVa PROCESSING AND UTILIZATION 

23 A. Feed Processes 

24. Albin, (1971) Hart, et al., 1970), and. Blessin (1971) and other 
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1 	havereported various methods ot processingthat improve tn e nutri

2. tional quality of' sorghum flour and .,processed,grain -Method (Albin,
 

3 	 1971) of processing whole grain include its being ground, dry rolled,
 

soaked, pelleted, steam-rolled, steam process flaked, pressure cooke4
 

5 flaked, high moisture storage, popping, steam pressure popped, dry 

6 heat processing, microqizing, exploded, extruded and infused with amino 

7 acids (Blessin, 1971). In most cases theseprocesses add considerable 

8 to the cost and are difficult to adapt to small feeding operations, but 

9have improved the feed lot Derformance of sorahum strain. 

10
 

11 B. Food Uses
 

12 

13 Blessin (1971) was able to remove the pericarp leaving the endo

14 sperm, the aleurone layer and germ essentially intact.- Essential amino 

15 	acid balance can .be altered significantly by infusion but no feeding
 

16.values were reported. One of the potential uses in many developing 

17 countries is the use of-sorghum -in-ablend to extend wheat supply for 

18 bread -making. Research by Hart, et al., (1970) reported that the 

19 quality of sorghum flour can be improved for such purposes. The addi

20 tion of methylcellose-increases,gas retention and improves texture. 

21 Glyceryl monostearate.as an additive improves the softness of the bread. 

22 The processing ,of,grain for human, food,,.will no doubt,increase for urban 

23 populations and such processes should be tmuch more important in develop

24 ing countries-than at present. Also as more wheat and rice become 



-available these preferred cereals will be used more for human food and 

2 improved nutritional sorghum types will be more important for feed 

3 grain for livestock. The adaptation of sorghum as a crop to follow ric 

4 makes it important to investigate new uses of sorghum for rice consumer; 

in addition to providing some meat to go with the rice. As'other graini 

6 take over primary areas of grain production, sorghum and millets will 

7 undoubtedly become more critical in marginal areas for direct use as 

8 human food.and feed grain. 

9. 

10 V. FUTURE PROSPECTS 

he continued improvement of grain sorghum.yieldThe potential for 


quantity and quality of protein, utilization, and digestibility is
12 

13 promising. The identification of collected materials now having useful 

individual and multiple characteristics is well advanced. This is14
 

15 enabling the establishment of diverse populations for selections of
 

16 recombinations from which lines and hybrids with increased yield and
 

17 improved nutritional values will result. The continued maintenance of
 

,8 diverse materials in a collection will allow for additional selection
 

19 for an establishment of populations and selected crosses to overcome
 

.20 nutritional deficiencies, disease, insect and pest.resistances, climatic
 

21 adversities, and individualized acceptance standards. The ultimate
 

increase in tropical use of sorghum as a feed crop will stimulate furth(r
22 


the'demand for yield potential, quality improvement and environmental
23
 
24adaptations,' The current cataloging of sources, yield performances$
 



onal values, phenotypic characteristics! and',.environmental inter

2 actions of the diverse., orghum collection will. continue to. stimulate,... 
3 selection for and development of improved quality varieties with specific 

and,widely adapted performance standards. As :the pressure for increased 

food and-feed continues the importance and utilization of quality sorgh r 

6 grain will be met.with increasing.numbers of lines and hybrids having 

7 tested and improved-vield performances and nutritional .qualities. 
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Table 1. Genotype,by vhironment:Interactions at Six Loqations with
 
Twelve Lines and Twenty-Three Hybrids in'1970.
 

Anaysis of Varance+
 

Locations 9r* ** 4* 41 41* * 

4* * 41*'Varieties .** 


Z V* NSB ** ** 4* " *
 

*:,,.significant at0.05 ' 
sigificant at 0.01 .yieddata :nt'available -for 

NS ' not significant .Nebraska +location 

Table+2. 	1970 Studies on Pnbryo-Endosperm Proportions and Compositions 
for Twenty-Five Sorghum Lines with Oil Content"Ranging. from-, 
1.92 - 5.2'With a Mean of 3.88%. 

Correlations: % P of %P of %P of % Oild % Embyro L as % o %Meth. 
Whole Embryo Non- Whole of whole P of of P in
 
Seed 'Seed Embryo Seed Seed Whole Whole
 

Half Seed Seed' Seed
 
Half
 

%YPof 
Whole Seed 	 0.954 0.164 o.667 0*255 0.075 0.297 

%,Pof 
Embryo Seed, 	 -. 0 .561 0O062:. 0.2580 247 	 0.126 
Half
 

,%Pof Non- " ,0 

Embryo. Seed. 
Half 	 .. .r___ , _______ 

•Oil in 

Whole Seed 	 0.710 0.318 .393 

-0.058
"e o,0.377 


Las~ofP0.024 
of Whole Seed
 

%Meth. ofP
 
in Whole Seed
 

________6 



Table I. orgnum uompOsition of Whole Seed Compared to Enbryo and
 
Embryo-Free. Seed,SeCtionil
 

Seed section: WHOLE SEED EBRYO 
 EMBRYO-FREE 

% ot% 46'1 %Prot. %Lys. %Prot. %Ls. 

Variety:-

IvXO793 12.1 1.9 21.3' 5.7 10.8 1.1 

0819 13.4 21 24.7 6.2 11.7 1.3 

AS610 11.0 2.0 22.8 5.9 9.6 1.1 

MX1884: 106 2,0 22.9 5.5 9.4 1.2 

0793 13.5 1,6 18.1 5.8 12.4 1.1
 

Mart.B 13.2 1.8 22.5 6.5 11.6 1.0
 



+Table 4. Percent Distribution of Proteins in Sorghum Grain Fractions (Iandry & ?oureaux Method). 

Sample Number 025- 025- 925-- 925- 025- 025?-154 925 -006 925-074 Protein 
_,_042-1 15 006 07 042-i - fractions* 

Grain Section Kernel Kernel Kernel Kernel Endosperm Endosperm Endosperm Endosperm obtained 
........__ _ _ __ ___ __-_ _....__ __ _......__ __ _ ___ __ __ ... ....__ --- in corn 

Solvents% 

Sodium chloride 19.2 19.2 4'. 7.9 2.7 8.54.6 2. . 
Globulins 

Isopropanol 18.1 10.3 21 2.3 16.4 16.2 21.0 i4,.6 Zein 
Isopropanol +
 
2 Mercaptoethanol 21.2 16.0 24.7 24.1 35.7 26.1 35.8 30.9 +Ga
 
Borate buffer,
 
pH 10 + Mercapto
ethanol U.b 13A1 5.6 15.6 11.1 u-4 6.8 

Borate buffer, pH 10.
 
+ 2 Mercaptoethanoi. 
+ Sodium dodecyIl

sulfate 32.9 55.*7 29.5. 53.9 .28.9 43.6 28.0 39.21 

Protein % 49. 10.1 .2 7.7 8.63 9.52 9.95 7.21 
ysine % -2.7 2.65 2.70 2.79 1.87 2.13 1.66 2.00 

I.V.D.M.D.I 91 48 94 '66 91 49 94 66, 
A.verage weight gain 
per week in rat feeu
ing eiperiments 6 -9-2 8.73J -0.W 

~/ In vitro dry matter disappearance. +G-: Alcohol soluble glutelin. Composition isclosely.related 

g/ I week duration, to that of zein. 

3/ 4 weeks duration. G2: Saline soluble glutelin. Composition is intermediate..
 
between those of zein and sale soluble proteins. .
 

t3: 'Zeanines'. Composition is c3Jsely related to that n?
 
saline soluble proteins.
 



le 5. Sorghum Project Rat Feeding Studies 
- Purdue University - May 1971.
 

Sorghum
S Feed (1) Total Total in vitro Lysine Threo- Methio- ProteinLines 2 weeksweeks4 4 weekswe DMD(2) (%) Protein Protein Protein in vitro(g) (g) C) Protein of () () Dnine of nine of
 

925006 226 11.81(3) 34.81 93.6 12.3 
 2.70 .332 
 3.24 1.50 
 1273
 
925018 175 
 07.63 20.27 
 91.5 14.3 
 1.98 .283 3.47 1.29 
 1199
 
12319. 191 05.73 15.47 87.4 
 11.8 2.53 
 .298 3.11 
 0.69; 0970
 
954116 182 
 04.45 16.93 
 89.7 1.9 
 2.34 .279 
 3.12 O.899. 1067
 
954054 
 170 03.90 15.23 
 83.5 10.4 2.46 
 .256 3.10 0.89: 0818
 
925060 
 174 03.70 11.80 68.2 12.4 
 2.65 .329 3.27 1.22 i 0791
 
954131-2 156" 02.90 12.51 90.3 
 .11.8 2.22 
 .26 3.05 1.00 
 0975
 
925074 156 
 -03.28 -00.58 
 66.4 09.0 
 2.68 .242 
 3.58 0.25 
 0671
 

(1) 95% grain sorghum, 5% vitamin and mineral supplement.
(2) DM.= Dry Matter Disappearance.(3) Weig gains connected. by a line are. nt significantly different- (.Q5 leve.. 



(% 

Tabit 6. Sorghum Project Rat Feeding Suty Correlation -

Z Total g 
PLysine of In"vitro 'gain'Protein 

Protein DMD 2 wk. 


% Protein 1.000 -.587** .562** .646** 


Z Lysine 1.000 -.539** -.040 


%In vitro 1.000 ,707** 
DMD~~l "41*. boo 

g Total
 
Wt.gain Lo0 


2 wk.
 

g 	 Totala 


4 wk. 


P 	x L 


gFeed 

consumed.

p 	X in . 
vitro____
 

% Threo-

nine..
 

Methio--

nine
 

* 	 Significt-at .05 .leel 

** Significant-at .01 level 

Purdue .University,May-1971. 

Total.g geed- pxi Threo- Methi
gain' P x L Consumec-- vitro-	 .onsumed, . ;vitro.,.- .. 
4 	wk. nine nine 

.613** .581**. .361* 753** -. 084 .795** 

-.081 .312* .33* 410* .063 ".225
 

.760** .157 . .49i** -87i** ;.490"*.520* 
9 	4""":
• 8,,* --....- :.5'#

.986**, .727** ,893** .872** "-.254
 

1.00 .656** ,873** .889** .316* _, . 

___ " •_ 	 _ _ _ _ ____ 

' 

1.000 " *754,* '.474** -'148 726**
 

1.000 .697"* -.172 578*
 

1.000 -.165 :.729'* r
 

216:.
1.000 -..


, 1.000
 


